Ten indigenous heavy metals resistant bacteria were isolated from the discharged effluent of Biological Sciences building at Obafemi Awolowo University, Ile-Ife, Osun State, Nigeria. The bacterial strains were isolated using enrichment method in tryptone soya agar (TSA) supplemented with 100 mg/L of Pb, Cd, As, and Ni. All the isolated bacteria showed multiple tolerances to the heavy metals; however, strain GBB 220, which showed a maximum tolerable concentrations (MTCs)
Introduction
The ecosystem which sustains life and provides the basic needs such as food, shelter, and water for its occupants is being polluted by heavy metals and other xenobiotics. The introduction of these pollutants into the environment at an alarming rate has clearly negated the self-cleaning capacity of the environment leading to accumulation of these pollutants (Vidali 2001) ; thereby constituting a significant risk to public health and the ecosystem. Heavy metals are a collection of pollutants, which are not biodegradable and tend to proliferate in the food chain and living organisms (Kobya et al. 2005) . There are several definitions of heavy metals, but according to Nies (1999) , heavy metals consist of fifty three (53) metals with density above 4-5 g/cm 3 . Heavy metals are also defined as metals with a specific gravity usually more than 5.0 g/cm 3 at least five times the specific gravity of water (Jarup 2003) . The WHO (2010) report listed the heavy metals of most urgent interest as cadmium, lead, mercury, nickel copper, chromium, cobalt, and zinc. One of the major pollutants in Nigeria is cadmium due to increase in mining activity all over the country. In the course of this mining activity a lot of arable land that should have been used for farming was destroyed and some water systems contaminated.
Cadmium (Cd) is non-essential but toxic for plants, animals, and humans (Gupta and Gupta 1998) ; it is discharged into the ecosystem by mining and smelting activities, atmospheric deposition from metallurgical industries, incineration of plastics and batteries, addition of sewage sludge to soil and burning of fossil fuels (Tang et al. 2006) . Cadmium is one of the most hazardous metal ions characterized by high stability and toxicity. It cannot be degraded in nature, thus, once discharged into the ecosystem, stays in circulation. Cadmium is famous for its ability to fetter with essential respiratory enzymes (Nies 2003) leading to oxidative stress and cancer (Banjerdkji, Vattanaviboon, and Mongkolsuk 2005) . Elevated concentrations of cadmium is highly resistant to corrosion and commonly used to plate metal parts in industrial hardware as well as in automobiles, electronics, marine, and aerospace industries (Herrero et al. 2005) .
The level of cadmium in the ecosystem needed to be lowered to meet the ever-changing legislative and world health standards (WHO 2010) . Therefore, the development of a remediation strategy for metal-contaminated waste water is urgent for environmental preservation and public health (Abou-Shanab, Angle, and Chaney 2006) . Biological approach such as bioremediation offers significantly more benefits than conventional technology to reduce heavy metals in the environment due to its less expensive and environmental friendly nature. Microorganisms have an array of mechanisms to deal with elevated concentrations of heavy metals and are often precise for one or few metals (Nies 2003; Piddock 2006) . Also, microbial activity plays major roles in mobilization or immobilization of metals though heavy metals cannot be degraded, they can be bioreduced or biooxidized to less toxic forms (Cortez et al. 2010) . Diverse microorganisms produce different response to heavy metals, which gives them a range of tolerance to metals (Valls and de Lorenzo 2002) . This is achieved in different ways either through biological, physical, or chemical systems which include precipitation, complexation, adsorption, transport, product excretion, pigments, polysaccharides, enzymes, and specific metal binding proteins (Gadd, 1992; Marazioti 1998; Hetzer, Daughney, and Morgan 2006) . Also from the metabolic perspective, a group of metal-chelating proteins called metallothioneins are very essential in bacterial metal tolerance (Valls and de Lorenzo 2002) . Metallothioneins are rich in cystein polypeptides that can bind to essential metals (e.g. Zn) and non-essential metals (e.g. toxic heavy metals) (Marazioti 1998) . Other resistance systems include reduction, active efflux, complexation, and sequestration of heavy metal ions to a less toxic state (Nies 1999) . Such tolerance systems are generally plasmid oriented, which contributes majorly to dispersion from cell to cell (Collard et al. 1994; Valls and de Lorenzo 2002) ; chromosomal resistance was also related in some bacterial species (Spain and Alm 2003) . These strategies possessed by microorganisms made them to be important tools in bioremediation processes.
Klebsiella is a genus of non-motile, Gram-negative, oxidase-negative, rod-shaped bacteria with a prominent polysaccharide-based capsule. They can be found in water, soil, plants, insects, animals, and humans (Ryan and Ray 2004; Brisse, Grimont, and Grimont 2006) . Many environmental Klebsiella strains have been found with various metabolic properties that are interesting for bioremediation. Two early examples include herbicide and pesticide degradation. However, Klebsiella strains have been isolated with potential for bioremediation of mercury (Essa et al. 2002) and cadmium (Sharma, Frenkel, and Balkwill 2000) . Although many researchers have studied the bioremediation of cadmium from waste water by different strains of Klebsiella sp., no significant studies have evaluated the bioremediation of cadmium by K. variicola and its mutated strains. Owing to the facts that waste water system whether industrial or municipal is one of the major factors assisting in water pollution in Nigeria, this study aimed at comparing the ability of the wild and the mutant strains of K. variicola to remove cadmium from polluted water; this is with a view to develop enhanced strains that would have biotechnological applications in bioremediation.
Materials and methods

Sampling site and collection
The discharged effluents of Biological Sciences building of Obafemi Awolowo University, Ile-Ife, located within co-ordinate N 7 31' 7.52", 4 31' 34.95"E, were aseptically collected in sterile bottles at a depth of 1.5 to 2.0 cm. The samples were immersed in ice boxes (0 -4 C) and transported to the laboratory for analysis.
Preparation of heavy metal stock solutions
The metals Pb, Cd, As, and Ni, were in the form of Pb (NO 3 ) 2 , CdCl 2 , Na 2 HAsO 4 .7H 2 O, and NiCl 2 respectively. Stock solutions (5000 mg/L) were prepared by dissolving each of the metal salts in deionized water, filter sterilized (0.22 mm Satorius Millipore), and stored at 4 C. All the glassware used were acid-washed with 0.1M HCl before and after use to prevent binding of metals to them and thoroughly rinsed several times with deionized water.
Preparation of ethidium bromide and acridine orange stock solutions
The stock solutions of the chemical mutagen were prepared by weighing 150 mg of each of ethidium bromide and acridine orange and dissolved in 15 ml of sterile deionized water. This is equivalent to a stock solution of 10 mg/ml of each of the chemical mutagen.
150 mg 6 15 ml 10 mg 6 ml The different concentrations of each of the ethidium bromide and acridine orange were prepared by diluting the stock solutions as required.
Isolation of heavy metal tolerant bacteria 10 ml of the discharged effluent sample was suspended in 90 ml of tryptone soya broth (TSB) containing 100 mg/L of each of the Cd, Pb, As, and Ni in a 250 ml conical flasks; the pH of the medium was adjusted to 7.0 using 1N HCl or 1N NaOH; this was incubated at room temperature on a rotary shaker (LAB-LINE) at 150 rpm for 2-3 days. A milliliter (1 ml) of the enriched medium was added to test tubes containing 9 ml of TSB, serially diluted, and 0.1 ml aliquots of appropriate dilutions were spread with a glass rod over triplicate tryptone soya agar (TSA) media; the inoculated plates were incubated at room temperature for 24 -48 h. The total viable colony forming units (cfu/ml) of the isolates were counted and the bacteria isolates were maintained on TSA slants at 4 C.
Identification of the heavy metal tolerant bacteria
The colonies of the purified isolated bacteria were characterized based on morphological and biochemical tests. Further identification was done for the best isolate and the mutant strains with multiple resistances to all the metals by a combination of Gram staining and 16S rRNA gene sequencing. The extracted genomic DNA of the metal tolerant bacteria and its mutants were purified and used as a template. The 16S rRNA genes were polymerase chain reaction (PCR) amplified with the primers 27F and 1525R using Taq DNA polymerase and buffers. The PCR was carried out in a Mastercycler thermal cycler, and included the initial denaturation at 94 C for 5 min, followed by 36 cycles of denaturation at 94 C for 30 s, annealing for 30 s at 56 C, elongation at 72 C for 45 s followed by the final extension at 72 C for 7 min, and final holding temperature was at 10 C. 10 ml PCR products was loaded on 1.5% agarose gel, stained with ethidium bromide and viewed under UV Trans-illuminator. The sequencing of the PCR products was performed on 3130xl genetic analyzer (Applied Biosystems). Sequences obtained were aligned using BioEdit and compared with similar sequences in the non-redundant nucleotide database at the National Center for Biotechnology Information (NCBI) by using their World Wide Website, and the BLAST (Basic Local Alignment Search Tool) algorithm (Altschul et al. 1997 ).
Determination of the bacterial tolerance to heavy metals
The modified method of Yahaya et al. (2009) was used. The tolerance limits of each of bacterial isolates were determined against cadmium, lead, arsenic, and nickel using the agar dilution assay. Each of the test bacteria was grown in 10 ml sterile Minimal Salt Broth (MSB) overnight at 30 C, standardized to 0.5 McFarland standards (10 8 cfu/ml) with the aid of spectrophotometer at OD of 600 nm. The test bacteria were spot inoculated on the sterile Minimal Salt Agar (MSA) plates, prepared by supplementing with increasing concentrations of the heavy metals in varying concentrations of 200 to 5000 mg/L in conical flasks. Each of the heavy metals was aseptically mixed with the sterilized MSA after cooling to a temperature of 45 -50 C. The control plates were also set up containing each of the test bacteria without the metals and plates with metals alone to act as positive and negative controls. The inoculated plates and the control were incubated at 30 C for 48 h. All the experimental setups were in triplicate and the data recorded as maximum tolerable concentrations (MTCs) which was the highest concentration of metal ion beyond which no visible bacteria growth occurred (Piotrowska-Seget, Cycon, and Kozdroj 2005) .
The different volumes of the heavy metal stock solutions added to the MSA were calculated using the formula:
where C 1 D concentration of heavy metal stock solution, V 1 D volume of stock solution, C 2 D concentration of heavy metal to be prepared, and V 1 D volume of the media.
Generation of mutant strains
The bacterial isolate showing multiple resistances and the highest concentrations of each of the heavy metals was used for further study and to study its potential to remove cadmium from the culture media. The mutation experiment was carried out using an 18-24 h old culture of the Klebsiella variicola grown overnight in Tryptone Soy Broth (TSB); this was standardized to 0.5 McFarland standard. One milliliter (1 ml) of the standardized culture was inoculated into nine milliliter (ml) of TSB containing various concentration of ethidium bromide and acridine orange (200 mg/ml to 3 mg/ml). The inoculated tubes were incubated at 30 C for 24 h. This was done in order to determine the sub-inhibitory concentration of the chemical agents used for the experiment. The highest concentration of mutagenic agent that allowed bacterial strains to grow was taken as the sub inhibitory concentration (Shakibaie et al. 2008; Akortha and Filgona 2009) . Aliquot of 0.1 ml of the tube containing sub inhibitory concentration of the mutagen was serially diluted in 9.9 ml of TSB and appropriate dilutions were placed on TSA and incubated at 30 C for 24 h. The plates with colony count between 20 and 30 colonies were selected as the master plate. The morphological characteristics and biochemical test were carried out on the mutant colonies and their survival rate was calculated as: % Survivor D Total count cfu 6 ml ð Þof mutants Total count cfu 6 ml ð Þof wild type £ 100
The replica plating method was used and this involved the transfer of the bacteria mutant colonies from the master plate using a velveteen pad to MSA plates incorporated with different concentrations of heavy metals (to determine the MTC). The plates were incubated at 30 C for 24 -48 h.
Determination of antibiotic susceptibility pattern
The antibiotic sensitivity pattern of the Klebsiella variicola and the mutant strains were determined using the disc diffusion method. The antibiotics that the bacteria isolates were subjected to are ceftazidime (CAZ, 30 mg), cefuroxime (CRX, 30 mg), gentamicin (GEN, 10 mg), cefixime (CXM, 5 mg), ofloxacin (OFL, 5 mg), augmentin (AUG, 30 mg), nitrofurantoin (NIT, 300 mig), and ciprofloxacin (CPR, 5 mg). The overnight broth culture of the isolates was standardized and spread on Mueller Hinton's agar, allowed to dry, and the antibiotic impregnated discs were placed on top of the plates. The plates were incubated at 37 C for 24 h and afterwards examined for the zone of inhibition. The results were classified as resistant, sensitive, or intermediate based on CLSI (2013) standards.
Effects of different concentrations of cadmium on the growth of K. variicola and its mutants K. variicola and three of the mutant strains that maintained the multiple tolerances to the heavy metals were used for further studies. The effect of cadmium concentrations on the growth of K. variicola and its mutants were determined using three different concentrations namely MTC (75%), MTC (100%), and concentration above the MTC (2500 mg/L) and carried out in 96-well plates. The test bacteria were precultivated in TSB medium overnight at 30 C, standardized to 0.5 McFarland standards (10 8 cfu/ml). 50 ml of the test bacteria was used to inoculate 150 ml of MSB medium supplemented with CdCl 2 (1500, 2125, and 2500 mg/L) and MSB medium without the metal. Each metal concentration was in triplicate; control wells either contain CdCl 2 or the bacterium in the MSB and the plate was incubated at 30 C under shaking (170 rpm). The growth rate of the bacterium was monitored by measuring the optical density six hourly for 72 h in a Multiskan FC plate reader (BioTek ELx 808) at 630 nm . The final growth rate was calculated by subtracting the signals measured for the controls from those of the test wells, and the percentage survival of the bacteria was calculated.
Effects of pH on the growth of K. variicola and its mutants in the presence and absence of cadmium
The pH ranges of (5, 6, 7, 8, and 9) were selected for the experiment. The pH of the growth media (MSB) was adjusted to the required values using 0.1 M HCl or 0.1 M NaOH. The test bacteria were pre-cultivated in TSB medium overnight at 30 C, standardized to 0.5 McFarland standards (10 8 cfu/ml). 50 ml of the test bacteria was used to inoculate 150 ml of MSB medium supplemented with CdCl 2 (500 mg/L) and MSB medium without the metal. Each pH range was tested in triplicate; control wells either contain CdCl 2 or the bacterium in the MSB and the plate was incubated at 30 C under shaking (170 rpm). The growth rate of the bacterium was monitored by measuring the optical density six hourly for 72 h in a Multiskan FC plate reader (BioTek ELx 808) at 630 nm . The final growth rate was calculated by subtracting the signals measured for the controls from those of the test wells, and the percentage survival of the bacteria was calculated. The controls for each pH value were incubated to monitor the precipitation of the cadmium salt (Singh et al. 2013 ).
The removal efficiency of cadmium by K. variicola and its mutants at different pH
The modified method of Francois et al. (2012) was adopted for this experiment and the pH range of 5, 6, 7, and 8 was used. Heavy metal removal was investigated in Erlenmeyer flasks (250 ml) containing 50 ml MSB supplemented with 500 mg/L cadmium and inoculated with standardized (10 8 cfu/ml) overnight broth culture of the test bacteria. The media were incubated at 30 C for 24 -48 h on orbital shaker (LAB-LINE, U.S.A) at 170 rpm. Control was also set up consisting of un-inoculated medium with cadmium and cadmium-free-inoculated medium to act as positive and negative controls. After incubation, cells were harvested by centrifugation (GULFEX Medical and Scientific, U.K) at 8,000 g for 20 min. The supernatant was filtered using 0.22 mm pore size micro filter to remove remaining cells and the pellets were washed with MSB and sterile physiological saline. The residual heavy metal in the supernatant was then determined using Atomic Absorption Spectrophotometer (AAS). The % removal of cadmium was calculated by taking the difference between the initial and final cadmium concentrations measured, multiplied by 100.
Statistical analysis
The data obtained were subjected to statistical analysis using Graph pad prism 6 for windows.
All the experiments were performed in triplicate and the results expressed as the means § standard error (n D 3). One way analysis of variance (ANOVA) and Tukey multiple comparison test with significant level set at P < 0.05 were used to compare the treatments mean.
Results and discussion
Isolation of heavy metal tolerant bacteria
According to Iram et al. (2009) , continuous introduction of metals into the environment can lead to major modification of its microbial populations and diversity, thereby reducing their activity and growth. This may be as a result of loss of species sensitive to the stress imposed, and enhanced the population of other resistant species. It was observed from previous studies that bacterial strains isolated from industrial effluents or mining sites were used in the remediation of metal-contaminated wastewaters. In view of this, this study was designed to isolate and characterized heavy metal (Pb, Cd, As, and Ni) -tolerant bacterial isolates and develop mutant strains with enhanced heavy metal removal capabilities from aqueous solution. The total viable count (cfu/ml) of the bacterial isolates grown on TSA plates amended with 100 mg/L of Pb (NO 3 ) 2 , CdCl 2 , Na 2 HAsO 4 .7H 2 O, and NiCl 2 varied. The cfu/ml recorded were 5.91 £ 10 7 , 6.40 £ 10 4 , 3.88 £ 10 7 , and 3.49 £ 10 7 for Pb, Cd, As, and Ni, respectively. The isolation of Pb, Cd, As, and Ni tolerant bacteria from wastewater contaminated with heavy metal has been documented by various researchers. Banerjee et al. (2015) reported a total viable count range of 3.5 £ 10 6 to 5.5 £ 10 6 cfu/g from soil and effluent samples of Ash Dyke of Thermal Power Plants of Chhattisgarh, India. Parvaze and Onukwue (2014) also reported a total viable count of 8.0 £ 10 6 cfu/g in the metal polluted soil in Lagos metropolis, Nigeria.
Identification of the heavy metal tolerant bacteria
Based on the morphological characteristics and microscopic examination of the bacterial isolates, a total of 10 distinct heavy metal bacteria were recovered. All (100%) of the bacterial isolates were circular in shape and creamy in terms of pigmentation (Table 1 ). All the bacterial isolates were Gram-negative; however, 80% were observed to be rod while the remaining 20% were coccobacilli. According to reports by Boswell et al. (2001) , Gram-negative bacteria are frequently isolated from heavy metal contaminated environments; they have also been reported to be abundant in other contaminated sites and during bioremediation (Ansari and Malik 2007) . Madigan, Martinko, and Parker (2012) also reported that Gram-negative bacteria tolerate heavy metals better than the Gram-positive bacteria; this may be attributed to the fact that they possess complex three layered cell wall which immobilizes metals more efficiently than the Gram-positive bacteria with a thick layer of peptidoglycan cell wall (Jjemba 2004) .
The result of the biochemical test tentatively identified all the 10 heavy metal tolerant bacteria recovered from the discharged effluent as Enterobacter sp., Aeromonas sp., Acinetobacter sp., Klebsiella sp., and Proteus sp. in order of prevalence (Table 2) . Some researchers have also reported the isolation of Pb, Cd, As, and Ni tolerant bacteria from heavy metal contaminated environment. A Klebsiella sp. tolerant to Cd, Pb, and As was isolated from industrial wastewater in Lahore, Pakistan (Khan et al. 2015) . Wali et al. (2014) also isolated Klebsiella sp. from Sario river estuary in Manado while Chien et al. (2008) isolated Acinetobacter and Enterobacter species from an agricultural field contaminated with heavy metals in Lu-Chu, Taoyuan, Taiwan. The results of the 16S rRNA genes amplification showed that quality DNA was extracted and amplified; the 1 kb plus GeneRuler was shown in lane 1 followed by the Klebsiella Wt and its mutant strains (Figure 1) . The partial nucleotide sequence of the 16S rRNA revealed a 96% homology () with 16S rRNA sequence of Klebsiella variicola (Genbank accession: KM275666.1) when compared with similar sequences in the non-redundant nucleotide database at the NCBI by using their world wide website using BLAST.
The bacterial tolerance to heavy metals
For bacteria to survive and multiply in a stressed environment especially in the presence of heavy metals, a tolerance/resistance mechanism needed to be developed (Margesin and Schinner 2001) which is an important factor in remediation. The toxic mechanism of all heavy metals is similar and multiple tolerances are common phenomena among heavy metal resistant bacteria.
The MTC of the isolated bacteria against Pb, Cd, As, and Ni salts are listed in Table 3 . The data observed showed that As was least toxic to the bacteria; however, Pb, Cd, and Ni were highly toxic. The toxicity order of the heavy metal was Ni > Cd > Pb >As. Malik, Khan, and Alem (2002) reported that multiple tolerances occur only if the toxic compounds have similar mechanisms underlying their toxicity. In addition, Piotrowska-Seget, Cycon, and Kozdroj (2005) observed that heavy metals can inhibit the growth of bacteria even at very low concentrations and only a few microorganisms can tolerate them. Different researchers have reported the isolation of bacteria with multiple tolerances to various metal ions (Abbas et al. 2014; Khan et al. 2015; Bhagat, Vermani, and Bajwa 2016; DeGuzman et al. 2016; Aka and Babalola 2017) . However, a direct comparative analysis between our MTC values and theirs was not carried out due to differences in medium and environmental conditions. The MTC to Pb for each of the bacterial isolates showed that GB B 217-220 had the highest tolerance (2000 mg/L), for MTC to Cd, GBB 217, 219, and 220 had the maximum tolerance of 1200 mg/L while GBB 265 had the least. The As tolerance by the bacterial isolates showed that GBB 220 had the highest while GBB 265 had the least, while the MTC to Ni for each of the bacterial isolates showed that GBB 219 and 220 had the highest value and GBB 265 had the least.
In this study, it was observed that the MTC values observed for Ni and Cd were higher than those reported by Bhakta et al. (2014) , Bhagat, Vermani, and Bajwa (2016) , Niveshika, Verma, and Mishra (2016) , and Aka and Babalola (2017) . However, the MTC values for Cd observed were lower than those observed by Khan et al. 2015 and Oyetibo et al. (2010) . In addition, the MTC values observed for Pb was higher than those reported by Devika, Rajaram, and Mathivanan (2013), Chandana et al. (2016) , and Niveshika, Verma, and Mishra (2016) but lower than MTC value of 13 mM reported by Khan et al. (2015) . Abbas et al. (2014) reported MTC value of 300 mg/L for arsenic resistant bacteria (Klebsiella sp. and Enterobacter sp.); this was far lower than MTC of 4700 mg/L of arsenic recorded for the same bacteria in this study. Furthermore, the MTC values for As observed in this study were higher than those observed by Bhakta et al. (2014) and Khan et al. 2015 . The variations in the MTCs reported by various researchers can be as a result of differences in the incubation conditions and growth medium.
The bacterial isolates exhibited multiple resistances to the metal ions and high tolerance which could be as a result of the presence of heavy metals in the environment where they were isolated. Furthermore, in order to cope with the toxic effects of heavy metals, bacteria employ an array of mechanism, some of which are demethylation, metal oxidation and reduction, intracellular and extracellular metal sequestration, and metal efflux pumps (Gadd 2010) .
Generation of mutant strains
The sub-inhibitory concentration of ethidium bromide and acridine orange for K. variicola were 1.5 mg/ml and 0.4 mg/ml, respectively. The total viable count (cfu/ml) observed for the wild and the mutant strains of heavy metal resistant K. variicola is presented in Table 4 . Acridine orange was observed to be a better mutagenic agent than ethidium bromide for K. variicola. The results corroborated the research carried out by Shakibaie et al. (2008) , that acridine orange and acriflavine had maximum effect on the bioremediation of copper and zinc. The survivor rate of 1.92 was recorded for K. variicola in acridine orange as compared to 9.45 observed in ethidium bromide. A total of eight (8) K. variicola mutant strains, four (4) from each of the mutagenic agent, were recovered from the MSA supplemented with different concentrations of the cadmium salt. The mutant strains were assigned codes (MutEaMutEd) for those from ethidium bromide and (MutAa -MutAd) for the strains from acridine orange. The mutation experiment did not affect the pigmentation of all the mutant strains and some other morphological characteristics were still intact. In addition, the chemical mutagen did not affect the biochemical characteristics of all the mutant strains recovered. GBB 261  1200  400  2200  400  GBB 262  1200  400  2400  400  GBB 263  1200  600  3000  600  GBB 264  1200  600  2000  600  GBB 265  100  100  150  100  GBB 217  2000  1200  3000  500  GBB 218  2000  500  2000  500  GBB 219  2000  1200  4500  1000  GBB 220  2000  1200  4700  1000  GBB 221  1200  500  1500  100 The values above represent means of triplicate readings. 
Determination of the maximum tolerable concentration (MTC) of the K. variicola mutant strains
In order to increase the MTC value of K. variicola for the heavy metals and enhance its accumulation rate, the test bacterium was exposed to different concentrations of the mutagenic agents: acridine orange and ethidium bromide. The MTCs of the heavy metals by the eight mutant strains and the wild type of the K. variicola were determined and the results are shown in Table 5 . It was observed that strains K. variicola MutAa -Ad had the highest MTCs of 2500, 2200, and 5000 mg/L for Pb, Cd, and As whereas K. variicola MutEa -Ed had MTCs of 2000, 1500, and 4700 mg/L for Pb, Cd, and As, respectively. The strains K. variicola MutAa -Ad showed increment in their MTC from 2000 to 2500 mg/L for Pb, 1500 to 2200 mg/L for Cd, and 4700 to 5000 mg/L for As. Similar result by Shakibaie et al. (2008) showed a ten-fold increment in MTCs of zinc and copper after exposure to ethidium bromide and acridine orange by mutational enhancement technique. This improvement could be due to the addition or deletion of certain genes in the genome of the isolates, since ethidium bromide and acridine orange are alkylating agents which might cause frameshift mutation in K. variicola (Madigan, Martinko, and Parker 2012) . However, K. variicola MutEa -Ed recovered from ethidium bromide did not show the same effect. It was observed that after the treatment of the K. variicola with the chemical mutagens, it became sensitive to nickel. This may be attributed to the loss of the genes that confer the nickel resistance to the bacterium.
Determination of antibiotic susceptibility pattern
The susceptibility patterns of the K. variicola wild and mutant strains to antibiotics are shown in Table 6 . It was observed that both wild and mutant strains were resistant to ceftazidime, cefuroxime, cefixime, and augmentin, and sensitive to gentamicin and augmentin. The K. variicola wild type and the mutants isolated from ethidium bromide (K. variicola MutEa -Ed) were sensitive to ofloxacin while K. variicola MutAa -Ad isolated from acridine orange were intermediate. However, the K. variicola strains exhibited varied degree of sensitivity to ciprofloxacin; K. variicola Wt, K. variicola MutAb and K. variicola MutAd were sensitive while the others were intermediate. It was observed that all the strains of K. variicola were resistant to at least two classes of antibiotics and sensitive to at least three classes of the antibiotics. In addition, there were no significant changes in the susceptibility pattern of the K. variicola wild and mutant strains except in a few cases where the wild type was sensitive and the mutants were intermediate to the antibiotics. The extensive use and abuse of antibiotics in human therapy have resulted in co-existence of multiple antibiotic resistant and sensitive bacteria together in the natural reservoirs. Co-existence of antibiotic resistance and heavy metal tolerance traits in bacteria have also been reported by Baker-Austin et al. (2006) . Allen et al. (2010) argued that selection pressure because of indiscriminate use and release of antibiotics was what gave rise to evolution of MAR. In this research work, a high degree of metal resistance and multiple antibiotic resistances were detected in the selected isolates. Several studies have reported that metal resistance is linked with antibiotic resistance (Sharma, Frenkel, and Balkwill 2000; Verma et al. 2001; Oyetibo et al. 2010) . Similarly Filali et al. (2000) studied waste water bacterial isolates which were resistant to heavy metals and antibiotics. The exposure to heavy metals results in the selection of bacterial strain which were also able to resist antibiotics. This happens because genes encoding heavy metals are located together with antibiotic resistance genes. Under conditions of metal stress, metal and antibiotic resistance in microorganisms possibly helps them to adapt faster by the spread of resistant factors than by mutation and natural selection (Silver and Misra 1988) . The values above represent means of triplicate readings. The mutant strains of K. variicola lost their tolerance to nickel after treatment with the ethidium bromide and acridine orange; hence no value was recorded for them.
Effects of different concentrations of cadmium on the growth of K. variicola and its mutants
The capability of living cells to remove heavy metals from aqueous solutions is influenced by environmental growth conditions like temperature, pH, and metal concentrations (Chen and Ting 1995) . The survival of each of the mutant strains and the wild type in the presence of different concentrations of cadmium was determined and expressed as percentage survival (Figure 2 ). Three mutant strains (Klebsiella variicola MutAa, Klebsiella variicola MutAc, and Klebsiella variicola MutEb) and the wild type (Klebsiella variicola Wt) were used for this study and the results observed are shown in Figure 2 . The Klebsiella variicola Wt recorded a percentage survival of 33.1% at 75% MTC (1500 mg/L) of cadmium, which decreased to 6.3% at concentration above the MTC (2500 mg/L), while Klebsiellavariicola MutAa recorded a percentage survival of 40.1% at 75% MTC (1500 mg/L) of cadmium; this decreased to 26.5% at concentration above the MTC. It was observed that Klebsiella variicola MutAc had a percentage survival of 36.4% at 75% MTC of cadmium, which declined rapidly to 28.0% at concentration above the MTC. In the case of Klebsiella variicola MutEb, a percentage survival of 38.4% was observed at 75% MTC of cadmium which declined to 17.0% at concentration above the MTC. The survival rate of the Klebsiella variicola Wt and its mutants' strains decreased with an increase in the concentration of cadmium indicating the toxic effect of the heavy metals on the growth of microorganisms as reported by Badar et al. (2000) . Although, MTC is the highest concentration of metal ion beyond which no visible bacteria growth occurred, turbidity was observed for each of the bacteria at concentration above the MTC in the liquid medium which is not supposed to be; however, this may be attributed to several factors such as metabolites released into the medium, presence of bacteria biomass, and precipitation of cadmium salts by the Klebsiella variicola. Generally, contamination with a specific metal increases the level of resistance of the bacterial community to that metal. Moreover, it has been observed by various researchers that bacteria isolated from environments contaminated with metals often develop tolerance to the pollutants (Yazdani et al. 2010) ; hence, this might explain the reason why the Klebsiella variicola was resistant to the cadmium. In this study, it was observed that the presence of heavy metals affected the bacterial growth in broth medium as compared with the control which corroborates reports by Hernandz and Dorian (2012 ), Pal et al. (2004 ), and Raja, Anbazhagan, and Selvam (2006 that heavy metal presence in the culture medium caused reduction in growth rate as compared with control. Wuertz and Mergeay (1997) reported that microbial survival in polluted environment depends on intrinsic biochemical and structural properties, physiological, and/or genetic adaptation including morphological changes of cells, as well as environmental modifications of metal Table 6 . Antibiotic susceptibility patterns of K. variicola wild and mutant strains (mm) isolated from the discharged effluents. speciation. A major example is when high levels of heavy metals affect the qualitative as well as quantitative composition of microbial communities as was observed in this study. Several studies have reported that metals influence microorganisms by harmfully affecting their growth, morphology, and biochemical activities, resulting in decreased biomass and diversity (Malik and Ahmed 2002) .
The pH is a major factor affecting bio-sorption or bioaccumulation of heavy metals in solution. It has a significant effect on heavy metal ions solubility and cell surface charge, which later influence the heavy metal removal processes (Guibal et al. 1994) . Microorganisms that are able to grow in acidic pH have been viewed as being useful for the bioremoval of metals from polluted effluents from the mines or industry (Musa and Ahmad 2010; Jong and Parry 2006) . However, investigation on the effect of pH on the growth of K. variicola and its mutant strains in the presence of 500 mg/L of cadmium revealed that K. variicola Wt had its optimum pH at 7 while K. variicola MutAa, K. variicola MutAc, and K. variicola MutEb had their optimum pH at 5 which is acidic (Figure 3) . Bitton (1999) reported that the pH range for various biological activities is very narrow and between 6 and 9; however we observed a pH range of 5 to 9. The results also showed that at pH 5, 6, and 9, all the mutant strains had higher values than the wild type except at pH 7 and 8 where the wild type outclassed the mutant strains. The growth studies were not carried out at pH above 9 since it has been reported by Ozdemir et al. (2009) that a decrease in the solubility of metal complexes leads to metal hydroxide precipitation at high pH, which can also affect heavy metal removal. It was observed that pH had various significant effect at P < 0.0001, P < 0.001, and P < 0.05 on the survival ofK. variicola Wt and mutant in cadmium polluted medium.
The removal efficiency of cadmium by K. variicola and its mutants at different pH Mohseni et al. (2011) reported that the heavy metals uptake by microorganisms depends on some factors such as the heavy metal, culture medium, the specie of the microorganism, pH, and the number of cells. The cadmium removal efficiency was carried out for K. variicola wild type and its mutant strains in solution, after establishing the ability of the bacterial isolates to tolerate heavy metals. It was observed that K. variicola Wt and K. variicola MutAc had their highest cadmium removal rate of 97.99 and 99.40%, respectively, at pH 7, while K. variicola MutEb showed maximum cadmium removal of 97.66% at pH 8 (Figure 4 ). Mathivanan and Rajaram (2014) and Khan et al. (2015) reported cadmium removal of 92.3% and 57.4%, respectively, from solution by cadmium resistant bacteria; these values were lower than cadmium removal of 99.4% observed in this study.
Other researchers have also reported cadmium removal by different types of bacterial species; Abbas et al. (2014) reported that a Pseudomonas sp. M3 removed more than 70% Cd during the log phase, while Pardo, Herguedas, and Barrado (2003) reported that Pseudomonas putida removed 80% of CdCl 2 from aqueous medium. Shaaban et al. (2015) also reported that Alteromonas macleodii removed 53% of cadmium from broth Figure 3 . The effect of pH on the survival of K. variicola wild type and the mutant strains in the presence cadmium in MSM. The error bar represented § SE (standard error) at (n D 3). A highly significant difference was recorded among the bacteria mean at pH 5 and 6 at P<0.0001; while at pH 8 and 9, a highly significant difference was recorded at P<0.001. However, at pH 7, a significant difference among the bacteria mean at P<0.05 was recorded.
solution while Aka and Babalola (2017) showed that bacterial isolates Alcaligenes faecalis, Bacillus pumulis, and Bacillus sp. accumulated 72.4%, 40.5%, and 29.7% of cadmium, respectively. At pH 5, the cadmium removal rate recorded for the wild type and the mutant strains were low and not significantly different from each other at P < 0.05. However, at pH 6, 7, and 8 the cadmium removal rate for the wild type and the mutant strains was significantly different from each other at P < 0.05 (Figure 4 ). Above pH 6, the cadmium removal rate for the wild type and mutants increased rapidly with a slight drop at pH 8. The low cadmium removal rate at pH 5 may be attributed to the competition between the cadmium and hydrogen ion on the bacteria cells sorption site. Hence, protonation of binding location because of increased concentration of proton occurred at lower pH leading to reduction in the negative charge intensity on the site and also inhibition or reduction for the binding of cadmium (Yan and Viraraghavan 2003) . The surfaces of most bacterial cell walls are negatively charged due to the ionization of functional groups like sulfhydryl, phosphodiester, carboxyl, amide, phosphate, imidazole, amino, carbonyl, and hydroxyl groups (Vijayaraghavan and Yun 2008) ; therefore, attraction between them and the metal cations may occur due to opposite charges of functional groups.
Conclusion
The contamination of the ecosystem by heavy metals continues to increase in Nigeria and persist in the ecosystem despite substantial progress being made to reduce pollution; nevertheless major releases still occur and a considerable number of known polluted sites still exist today and new ones are being discovered. Hence, the continued search for better approaches involving the use of microbes to clean up heavy metal pollution with applicability in environmental protection and recovery of toxic or strategic heavy metals at a low cost. We demonstrated that K. variicola with multiple resistances to Pb, Cd, As, and Ni could be isolated from discharged effluents of a biological sciences building at Obafemi Awolowo University, Ile-Ife, Osun State, Nigeria. The enhancement of K. variicola was carried out using ethidium bromide and acridine orange (chemical mutagen) to develop a better strain for cadmium bioremoval. Eight mutant strains were isolated out of which four (K. variicola MutAa -MutAd) showed increased resistances to Pb, Cd, As; however all the mutants became sensitive to nickel after treatment with the chemical mutagen and acridine orange was acknowledged to be a better mutagenic agent than ethidium bromide. The K. variicola wild and mutant strains were resistant to all the antibiotics used. The bioremoval capability of K. variicola Wt and its mutant strains indicated that the mutant strains K. variicola MutAa, K. variicola MutAc, and K. variicola MutEd removed cadmium better in aqueous solution than the wild type except at pH 6. The present findings have demonstrated that the mutant strains of K. variicola may be applied in bioremoval of cadmium from polluted environments; this portrays a model closer to what is applicable in the environment. However, more research needed to be carried out on its application in real cadmium polluted wastewater bioremediation. Also, the genes involved in heavy metal resistance in polluted environments should be investigated.
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